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RESUMEN: En este trabajo se informan las propiedades cata-
líticas de tetrasulfoftalocianinas de cobalto (CoTSF) y de hie-
rro (Fe-TSF) co-adsorbidas sobre un electrodo de grafito. Los 
estudios voltamétricos demuestran que estos compuestos se 
adsorben sobre el electrodo dando cubrimientos similares a 
aquellos en que sólo se adsorbe un compuesto. 
Se examinó las propiedades electrocatalitícas de la mez-
cla de compuestos para la oxidación de hidracina y se encontró 
que estos catalizadores actúan en forma independiente, a juz-
gar por las pendientes obtenidas de curvas de Tafel. 
SUMMAR Y: In this work, the catalytic properties of cobalt 
(Co-TSP) and iron (Fe-TSP) tetrasulfophthalocyanines are re-
ported. These properties were examined using the catalysts 
co-adsorbed on a graphite electrode. 
Voltammetric studies indicated that the adsorbed com-
plexes give coverages similar to those obtained when only one 
complex is adsorbed. 
The catalytic properties of the mixture were examined 
for the hydrazine electrooxidation reaction. It was found these 
catalysts act independently and thís is shown by the slopes 
obtained from Taf el plots. 
Manuscrito rev isado y aprobado en forma definitiva en Marzo de 1981. 
Departamento de Química, Facultad de Ciencia, Universidad de Santiago de Chile (ex-Universidad 
Téc nica del Estado). 
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INTRODUCTION 
Macrocyclic transition metal complexes have received considerable attention in the 
literature as possible catalysts for the cathodic reduction of oxygen. Some of these 
complexes like the tetrasulfonated phthalocyanines 1•3 :md the porphyrines4 ·? strongly 
adsorb on graphite surfaces which makes possible the examination of their catalytic 
properties in the adsorbed form. 
Recen ti y , it was reported8 that iron and cobalt phthalocyanine tetrasulfonates 
(Co-TSP and Fe-TSP respectively) posess catalytic properties for the anodic oxidation of 
hydrazine when adsorbed on ordinary pyrolytic graphite electrodes . There are substancial 
differe nces in the mechanistic features of the process occurring on these two metal cheiates. 
Fe-TSP and Co-TSP also behave differently in the catalytic electroreduction of 0 2 3 • 
In the present work, it has been found that these metal complexes can be adsorbed on 
a graphite substrate y ielding a mixture of the two complexes. These adsorbed mixtures show 
cataly tic activity fo r the anodic oxidation of hydrazine. 
EXPERIMENTAL 
Solutions were prepared with triple distilled water. Co-TSP and Fe-TSP were prepared 
according to literature methods 9 ' 1 0 • Purified nitro gen was u sed for deaeration of all 
sol u tio ns. Na OH and N2 H4 • H2 S0 4 were A.R. chemicals from Merck used as received. 
Ordinary pyrolytic graphite (Union Carbide Corp., Parma, Ohio, U.S.A.) was polished 
to a bright su rface using filter paper. AIJ electrochemical measurements were conducted 
using a three electrode system. The cell design and electrodes have been described 
previo usly8 . 
The experimental da ta was obtained using a Princeton Applied Research (PARC) type 
174 potentiostat controlled by a PARC Model 175 Universal Prograrnmer. The data was 
registered using a Houston Omnigraphic 2000 X-Y recorder. AIJ potentials are reported 
against the saturated calomel electrode (SCE). 
Adsorption of the Fe-TSP was accomplished by dipping the electrode in an aqueous 
solution containing ca. 10- 5 M of the complex for 15 minutes. The electrode was then 
washed with purified water and dipped into a solution containing Co-TSP. The electrode was 
rinsed again with water befa re introducing it into the electrochemical cell. 
RESULTS ANO DISCUSSION 
Fig. 1 shows the potentiodynamic behaviour of Co-TSP and Fe-TSP when ad~orbed 
individually onto an ordinary pyrolytic graphite surface. The dashed Jines show the 
background currents fo r the graphite material in the absence of adsorbed complex. Both 
Co-TSP and Fe-TSP show a current peak at ca. - 0.53 V which has been ascribed to the 
reversible process M11 + e- ~ M1 where M is the transition metal in the phthalocyanine. At 
more anodic potentials only Fe-TSP shows a current peak at -0.17 V which has been 
a ttribu ted to the reversible process F e1 11 - TSP + e- ~ Fe11 - TSP3 • 1 1 • 
The charge under each peak, estimated from the area bet ween the solid and the dotted 
lines in Fig. 1 for both phthalocyanines is ca. 18iJC/cm2 • Even tho ugh this value is appro· 
xima te , i t suggests that the coverages by Co· TSP and Fe-TSP are practically the same. Fig. 2 
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shows the voltammogram that results from adsorbing both Co-TSP and Fe-TSP on the e!ec-
trode surfé!ce as described in the experimental section. The charge under peak 1 is 34J1C/cm2 
whereas the charge under peak 2 is 18J1 C/cm2 • These charges are independent of potential 
sean rate over the range investigated (50· 1000 mV/s) and have been estimated from the 
cathodic sweep since the anodic peaks are somewhat distorted. From these results there is 
little doubt that peak 1 is due to the contribution of both Co-TSP and Fe-TSP while peak 2 
is solely due to the adsorbed Fe-TSP. This suggests that the coverages of Co-TSP and Fe-TSP 
when co-adsorbed are about the same as those when only one M-TSP is adsorbed on the 
surface. 
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Fig. 1. Cyclic voltammograms for Co-TSP and for Fe-TSP sdsorbed on or-
dinary pyrolytic graphite. 
Dashed lines show background currents for the graphite substrate alone. 
Electro lyte: 0.2 M NaO H N1 saturated. Sean rate : 0.5 V f ' . Electrode area: 
0.76 cm1 . T : 18° C. 
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Fig. 2. Cyclic voltammograms for Co-TSP and Fe-TSP co-adsorbed on or-
dinary pyrolytic graphite. 
Electrolyte: 0.2 M NaOH N2 saturated . Sean rate : 0.5 V s· • . Electrode area : 
0 .76 cm2 • T : 18° C. 
The catalytic properties for hydrazine electrooxidation of the adsorbed mixture of Fe 
and Co phthalocyanines were exarnined and the results are summarized in the form of Tafel 
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plots in Fig. 3. There are clearly two linear regions of different slope. At low currents, a 
slope dE/dlogi of 40 mV/decade is observed, which is the value obtained for hydrazine 
electrooxidation on Fe-TSP8 • The o ther linear region has a slope of 60 m V which is close to 
the value of 65 m V observed for the process catalyzed by Co-TSP8 . These results suggest 
that the currents observed for N2 H4 oxidation on the co-adsorbed phthalocyanines is the 
contribution of the two independent parallel processes occurring on two different types of 
active sites on the electrode surface. 
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Fig. 3. Plot of E vs log 1 for the anodic oxidation of hydrazine on graphite 
covered with a mixture. 
Of Co -TSP and Fe-TSP. 0 .2 M NaO H + 0.0 5 M N1 H4 • H1 S0 4 N1 saturat ed. 
Sean rate: 0 .001 V s· •. Electrode area : 0 .76 cm' . T: 18" C. 
It is surprising that the co-adsorbed phthalocyanines give a total coverage which is 
twice the coverage observed when only one of them is adsorbed. One would expect that the 
adsorption of one metal chelate would saturate the graphite surface, thus preventing the 
adsorption of another phthalocyanine. This does not seem to be the case. These results raise 
new questions as to how these large molecules are adsorbed on the graphite surface. 
Reflectance spectra of adsorbed layers of M-TSP on the basal plan e of stress-annealed 
pyroly tic graphite, on A u and on Pt 1 4 ,¡ 5 and Raman spectroscopy studies of these adsorbed 
molecules on Ag1 6 , show that their configuration relative to the electrode surface is not 
full y understood. 
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